
Developing	
  a	
  framework	
  to	
  incorporate	
  
climate	
  change	
  projections	
  in	
  water	
  
availability	
  modeling	
  for	
  Texas	
  

	
  
Nelun	
  Fernando,	
  Rong	
  Fu	
  (University	
  of	
  Texas	
  at	
  Aus:n)Yujuin	
  

Yang	
  (Texas	
  Water	
  Development	
  Board)	
  
Contact:	
  nelun.fernando@jsg.utexas.edu	
  	
  	
  

	
  

NOAA	
  Climate	
  Diagnos:cs	
  and	
  Predic:on	
  Workshop,	
  21-­‐24	
  Oct	
  2013	
  



Applying	
  climate	
  information	
  to	
  support	
  decision	
  
making:	
  

Texas	
  Water	
  
Development	
  Board:	
  
Execu=ve	
  Director:	
  
Robert	
  Mace	
  

University	
  of	
  
Texas	
  at	
  Aus=n:	
  
Rong	
  Fu,	
  
Bridget	
  Scanlon	
  

CPC:	
  Kingtse	
  Mo	
  
NASA	
  NCA	
  team	
  

UCAR-­‐PACE:	
  
Nelun	
  Fernando	
  

MAPP	
  
NASA	
  NCA	
  



Water	
  planning	
  and	
  drought	
  management	
  
in	
  Texas	
  

Long-­‐term	
  planning:	
  
•  Texas	
  legislature	
  requires	
  the	
  TWDB	
  to	
  develop	
  a	
  water	
  plan	
  
addressing	
  water	
  needs	
  50	
  years	
  into	
  the	
  future	
  to	
  address	
  
irriga=on,	
  municipal,	
  livestock,	
  mining	
  and	
  energy	
  needs,	
  
updated	
  every	
  5	
  years	
  
• Water	
  is	
  supplied	
  to	
  users	
  based	
  on	
  “water	
  rights”.	
  	
  Water	
  
planning	
  is	
  based	
  on	
  being	
  able	
  to	
  ensure	
  that	
  all	
  allocated	
  
water	
  rights	
  can	
  be	
  met	
  given	
  a	
  recurrence	
  of	
  the	
  1950s	
  
drought-­‐	
  of-­‐record.	
  

Short-­‐term	
  Drought	
  management:	
  
•  Provide	
  drought	
  informa=on	
  to	
  the	
  state	
  drought	
  
preparedness	
  council	
  



Research	
  Tailored	
  to	
  the	
  needs	
  of	
  TWDB:	
  

• Develop	
  a	
  summer	
  drought	
  early	
  warning	
  
indicator	
  to	
  support	
  drought	
  management	
  
though	
  the	
  state	
  drought	
  preparedness	
  council	
  

	
  
•  Explore	
  use	
  of	
  climate	
  informa=on	
  for	
  water	
  
long-­‐term	
  planning	
  (-­‐2050)	
  



Rationale for an observational-process based 
summer drought early warning indicator? 

•  Climate predictions are 
more reliable during winter 
and early spring, than 
during late spring and 
summer (e.g., Guan et al. 
2012). 

•  Observation and processes 
study:  All the severe-to-
extreme summer droughts 
over the SC US are linked to 
dry spring, only two dry 
springs are not followed by 
dry summer (Fernando et al. 
2013). 

Predictions that are based on dynamical models were
diagnosed using two configurations that allowed an in-
ference of factors that contribute to seasonal drought
forecast skill. Global-model simulations conditioned on
the state of specified observed sea surface temperatures
were assessed using the atmospheric component (GFS) of
the NOAA Climate Forecast System (CFS). Dynamical
predictions that were further conditioned on the initial
states of atmosphere, land surfaces, and oceans were
diagnosed using the fully coupled global-model hind-
casts for 1982–2008 generated by NOAA’s CFS. It was
found that dynamical models forced with observed
global SSTs yielded increased skill relative to this un-
conditional baseline, although improvements were
principally realized for the cold seasons over the West
Coast and Gulf Coast regions. The improved skill rela-
tive to the baseline was attributable to the known im-
pacts of El Niño–Southern Oscillation on those regions’
cold-season precipitation. Fully coupled initialized
model hindcasts were found to yield little additional skill
relative to the AMIP simulations.

The vast majority of dynamical-model improvement
in seasonal drought forecast skill relative to the un-
conditional baseline was due to the ENSO signal, con-
sistent with prior model studies of the SST sources for
U.S. seasonal precipitation skill (e.g., Quan et al. 2006;
Barnston et al. 2010; Kumar et al. 2011). This skill source

for drought was equally well harvested in the AMIP
simulations and the seasonal initialized CFS forecasts.
Indicated hereby is that the skill of drought predictions
during the wet seasons spanning roughly late autumn,
winter, and early spring over the far southwestern United
States and the Gulf Coast region is significantly improved
when conditioned on the state of global SSTs. By com-
parison, dynamical methods did not significantly enhance
skill, relative to the unconditioned baseline perfor-
mance, over the Great Plains during that region’s wet
season spanning spring through summer. The modest
drought forecast skill associated with simple persistence
over this area was not appreciably improved by con-
ditioned dynamical-model information. There appear to be
two principal factors that limit the value of dynamical-
model information for this Great Plains region. First is that
warm-season rainfall was not found to be as sensitive to
global SST variability as was the cold-season precip-
itation over the southern United States. Second, the
comparison of uninitialized and initialized seasonal fore-
casts implies that soil moisture conditions did not mate-
rially improve precipitation forecast skill over the Great
Plains during the warm season, on average.

This semiarid Great Plains region, where seasonal
droughts are often severe and have deleterious impacts
on U.S. agricultural production, rangeland management,
and livestock health, is particularly vulnerable to failed

FIG. 6. As in Fig. 4, but between the CFS 3-month forecast SPI6 skill and the baseline SPI6 skill.
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Using	
  climate	
  information	
  in	
  winter	
  and	
  spring	
  to	
  
assess	
  risk	
  of	
  summer	
  drought	
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Prototype	
  Hindcast	
  (1951-­‐2011):	
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Observed	
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• A prototype process-based statistical model 
demonstrates the potential for an early 
warning indicator for severe to extreme 
summer drought using anomalous climate 
conditions in spring. 
• Need to understand underlying processes 

that could provide memory 
• Need to assess potential improvement and 

limitations of this summer drought early 
warning indicator	
  

Summary-­‐1	
  



Support	
  State	
  long-­‐term	
  water	
  planning:	
  

Surface	
  water	
  supply	
  
•  176	
  reservoirs	
  in	
  the	
  state	
  
represen=ng	
  70%	
  of	
  
surface	
  water	
  supply	
  

•  How	
  might	
  climate	
  
change	
  affect	
  the	
  
sensi=vity	
  of	
  reservoir	
  
firm	
  yield?	
  

	
  
Firm	
  yield:	
  Water	
  available	
  in	
  
a	
  reservoir	
  to	
  meet	
  all	
  
mandated	
  water	
  needs	
  
during	
  a	
  drought-­‐of-­‐record	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
h<p://www.twdb.texas.gov/surfacewater/rivers/
reservoirs/img/lakes_lrg.gif	
  



Reservoir	
  :irm	
  yield	
  estimation	
  with	
  WAM	
  
models	
  

• Water	
  Availability	
  Models	
  (WAM)	
  are	
  used	
  for	
  planning	
  	
  

WAM	
  input	
  variables	
  
•  Naturalized	
  flow	
  in	
  14	
  river	
  basins	
  in	
  Texas	
  
•  Net	
  evaporaOon	
  
•  ExisOng	
  water	
  rights	
  on	
  the	
  basins	
  



How	
  can	
  future	
  climate	
  scenarios	
  be	
  
incorporated?	
  

Background	
  
1.  InformaOon	
  on	
  future	
  climate	
  is	
  not	
  incorporated	
  in	
  the	
  

planning	
  process	
  	
  
2.  Would	
  use	
  of	
  future	
  climate	
  projecOon	
  make	
  difference	
  in	
  

water	
  planning?	
  	
  
	
  
Framework	
  
1.  Explore	
  empirical	
  relaOonship	
  between	
  naturalized	
  flow	
  at	
  

ouUlow	
  staOon	
  in	
  basin	
  and	
  precipitaOon	
  	
  
2.  Explore	
  empirical	
  relaOonship	
  between	
  pan	
  evaporaOon	
  and	
  

potenOal	
  evaporaOon	
  



Framework	
  applied	
  to	
  the	
  Brazos	
  	
  

Datasets	
  used	
  
•  Quadrangle	
  precipitaOon	
  and	
  

pan	
  evaporaOon	
  from	
  the	
  
Texas	
  Water	
  Development	
  
Board	
  
h<p://www.twdb.texas.gov/
surfacewater/rivers/
reservoirs/img/lakes_lrg.gif	
  

•  Naturalized	
  flow	
  at	
  the	
  
ouUlow	
  staOon	
  of	
  the	
  Brazos	
  	
  

•  Aggregate	
  data	
  to	
  annual	
  
Ome	
  step	
  

Brazos	
  

Ouelow	
  
sta=on	
  



Naturalized	
  :low	
  and	
  precipitation	
  

Regression	
  based	
  on	
  data:	
  
•  Naturalized	
  flow	
  =	
  β	
  (precipitaOon)	
  
•  β	
  =	
  31.7655,	
  Confidence	
  interval	
  =	
  [28.8014	
  ,	
  34.7295]	
  

•  Pan	
  evaporaOon	
  =	
  β	
  (PET)	
  
•  β	
  =	
  0.3789,	
  Confidence	
  interval	
  =	
  [0.3694	
  ,	
  0.3883]	
  
	
  
Obtain	
  %	
  change	
  in	
  mean	
  evapora=on	
  and	
  naturalized	
  
flow	
  for	
  the	
  period	
  2021-­‐2050	
  versus	
  1971-­‐2000	
  
	
  
•  Example	
  with	
  CCSM4	
  under	
  the	
  RCP	
  8.5	
  scenario:	
  

Decrease	
  of	
  naturalized	
  flow:	
  4.8%	
  	
  
Decrease	
  of	
  net	
  evaporaOon:	
  10.7%	
  	
  



Next	
  steps	
  

Evaluate	
  and	
  correct	
  biases	
  in	
  climate	
  projec=ons:	
  
•  Connected	
  to	
  our	
  MAPP	
  CMIP5	
  project	
  
•  Using	
  mul=-­‐model	
  ensemble	
  and	
  most-­‐likely	
  projec=on	
  

Use	
  WAM	
  to	
  assess	
  the	
  influence	
  of	
  future	
  climate	
  
changes	
  on	
  the	
  adjusted	
  naturalized	
  flow	
  and	
  
evapora=on	
  and	
  water	
  infrastructure	
  planning.	
  
•  Run	
  WAM	
  model	
  adjus=ng	
  naturalized	
  flow	
  and	
  
evapora=on	
  by	
  the	
  %	
  changes	
  for	
  2021-­‐2050	
  

•  Assess	
  the	
  sensi=vity	
  of	
  firm	
  yield	
  to	
  future	
  
precipita=on	
  and	
  evapora=on	
  

•  Carry	
  out	
  the	
  analysis	
  for	
  the	
  remaining	
  13	
  basins.	
  	
  



Summary:	
  

•  Applying	
  the	
  latest	
  research	
  results	
  of	
  drought	
  and	
  
climate	
  research	
  to	
  support	
  short-­‐term	
  drought	
  
management	
  and	
  long-­‐term	
  water	
  planning	
  can	
  be	
  
fruiZul.	
  

•  Long-­‐term	
  partnership,	
  trust	
  and	
  research	
  tailored	
  to	
  
the	
  needs	
  of	
  policy	
  maker	
  are	
  essen:al	
  

•  Combined	
  UCAR-­‐PACE	
  postdoctoral	
  program	
  and	
  MAPP	
  
project	
  played	
  a	
  crucial	
  role	
  in	
  making	
  collabora:on	
  
with	
  state	
  agency	
  possible.	
  


